Data derived from testing the bactericidal activity of combinations of penicillin with gentamicin or streptomycin and of clindamycin with gentamicin on nine isolates of Streptococcus mutans were analyzed by preparing isobolograms to determine the presence of additive, synergistic, or antagonistic effects. Synergy with penicillin-aminoglycoside combinations was found in two strains; additive effects occurred in seven instances with penicillin-gentamicin combinations; and antagonism occurred in eight instances with clindamycin-gentamicin combinations.
Data derived from testing the bactericidal activity of combinations of penicillin with gentamicin or streptomycin and of clindamycin with gentamicin on nine isolates of Streptococcus mutans were analyzed by preparing isobolograms to determine the presence of additive, synergistic, or antagonistic effects. Synergy with penicillin-aminoglycoside combinations was found in two strains; additive effects occurred in seven instances with penicillin-gentamicin combinations; and antagonism occurred in eight instances with clindamycin-gentamicin combinations.
Endocarditis caused by the viridans streptococci is usually treated with penicillin and streptomycin, a combination that has been reported recently by Wolfe and Johnson (9) to act synergistically in vitro against this group of organisms. Moreover, penicillin-aminoglycoside synergy has been reported by Sande and Irvin (6) in experimental endocarditis produced in rabbits by a single strain of a viridans streptococcus. To our knowledge, no studies have been reported on the possible synergism of gentamicin with penicillin or clindamycin against one of the species of viridans streptococci, Streptococcus mutans. To evaluate this possibility, we examined the effects of combinations of (1) gentamicin and penicillin or clindamycin and (2) streptomycin and penicillin against strains of S. mutans isolated from nine patients with endocarditis.
MATERIALS AND METHODS Bactericidal activity was measured by a twodimensional broth dilution checkerboard technique (7, 8) in Trypticase soy broth (BBL). Each tube was inoculated with 106 colony-forming units per ml. After 16 h of incubation at 35 C, 0.05 ml from each tube was transferred into a tube containing 15 ml of thioglycollate medium without indicator-135C (BBL). The small amount of agar normally present in thioglycollate medium permits enumeration of small numbers of discrete colonies. After incubation for 72 h at 35 C, these subcultures were recorded as demonstrating either complete absence of growth, a specified number of discrete colonies, or confluent growth. Bactericidal activity was considered to have occurred at a particular concentration of one or both antibiotics when there was either a complete lack of growth or fewer than 10 colonies (representing at least 99.9% killing of the original inoculum) in the subculture.
The data were analyzed, for determination of synergistic, antagonistic, or additive effects, by preparing isobolograms as described by Loewe (4) and simplified by Lacey (3) and Sabath (5) . In such a plot, a line bowing away from the coordinates represents antagonism, a straight line indicates an additive effect, and a line that bows toward the coordinates represents a synergistic effect.
RESULTS
In the studies with penicillin and gentamicin, the minimal bactericidal concentrations (MBC) of penicillin were 3.1 ,ug/ml fcr one strain, 6.2 jsg/ml for three strains, and 12.5 ,ug/ml for five strains, 50 ,ug/ml for one strain, and > 100 Ag/ml 12.5 Ag/ml for five strains, 25 gg/ml for two strains, 50 ,ug/ml for one strain, and >100 ,ug/l for one strain. There was only one instance of synergy between the two antibiotics; in another seven strains there was an additive effect, as illustrated for one strain in Fig. 1 . With the ninth strain, no conclusions could be drawn because the gentamicin MBC value remained greater than that of the highest concentration tested.
In the studies with penicillin and streptomycin, the MBC values of streptomycin were 50 ,ug/ml for two strains and > 100 ,ug/ml for the seven other strains. There was evidence of synergy in one instance and of antagonism in one. The strain affected synergistically by penicillin and streptomycin was not the same one that was similarly affected by pencillin and gentamicin. With the seven other strains, no conclusions could be drawn because the MBC values of streptomycin remained > 100 ,ug/ml.
In the studies with clindamycin and gentamicin, the MBC values of clindamycin were 6. gg/ml for four strains and 12.5 jg/ml for five strains. In all but one instance the isobolograms bowed out, as illustrated for one representative strain in Fig. 2 , and therefore represented antagonism; with one strain the gentamicin MBC remained >100,g/ml.
DISCUSSION
Because synergy with a combination of penicillin and an aminoglycoside was demonstrated in vitro with only two stains of S. mutans, it may appear to be unnecessary to use this combination in the treatment of S. mutans endocarditis. However, it may be reasonable to assume that an additive effect of this combination of antibiotics is helpful clinically, particularly in view of the results of studies with experimental endocarditis in rabbits due to a viridans streptococcus reported by Sande and Irvin (6) . In this experimental model, bacteria were eradicated from the cardiac vegetations more rapidly by a penicillin-aminoglycoside combination than by penicillin alone. In our studies, seven of the isolates of S. mutans were affected additively by the penicillin-gentamicin combination.
Data derived from time-kill curves with penicillin-aminoglycoside combinations, such as those of Wolfe and Johnson (9) Because all of our patients with S. mutans endocarditis have been successfully treated with a penicillin-streptomycin combination (1), we have no clinical data substantiating the efficacy of penicillin therapy alone or the inefficacy of therapy with clindamycin and gentamicin. The antagonistic effects of clindamycin and gentamicin have not been studied in other species of viridans streptococei.
